We prepared a novel fluorous deoxy-fluorination reagent N, N-diethyl--difluoro-[3,5-bis(1H,1H,2H,2H-perfluorodecyl) N-diethyl-3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzamide (2b) in four steps and used it for the fluorination of alcohols and diols. After the fluorination reactions, the isolation of the products and recovery of 2b was performed by extraction with a fluorous/organic solvent system.
Introduction
Recently, fluorous chemistry using a fluorous/organic biphasic system has been developing as an environmentally friendly technology. The highly fluorinated compounds are selectively soluble in fluorocarbon solvents and separable from other organic compounds by simple extraction with a fluorous/organic biphasic solvent systems. Many fluorous reagents having fluorous tags have been prepared and
N,N-diethyl--difluoro-[3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzyl]amine 1b, and
apply it to the fluorination of alcohols. After the fluorination reaction, 1b will return to 2b, and the recovery of 2b as well as isolation of products could be performed by simple extraction with a fluorous/organic solvent system [Scheme 1]. To separate the product and the amide 2b, their partition ratios in various fluorous and organic solvent systems were examined (Table 2) . When FC-77 (a mixture of perfluoroalkanes and pefluorocyclic ethers) was used as the fluorous solvent, an appropriate organic solvent could not be found for their separations (Entries 1 and 2).
However, better results were obtained with PFMC (perfluoromethylcyclohexane). When 2b and the product were dissolved in a mixture of PFMC and toluene, the product came to the toluene phase exclusively (>99%), and 2b was present in PFMC phase selectively (89%) (Entry 3). For the separation of 2b and 7, the solvent system of FC-77 + HFE-7100 (nonafluorobutyl methyl ether)/CH 3 CN (5% H 2 O) was superior to the PFMC/toluene system. Thus, when 2b and 7 were dissolved in that solvent system, 2b came to the fluorous phase exclusively (>99%), and 7 was predominantly present in the organic phase (97%) (Entry 4). After the reaction of 1-dodecanol with 1b, the solvent was removed under reduced pressure and the residue was dissolved in the solvent system of PFMC/toluene (2:1).
The separated toluene phase was washed with PFMC once and 1-fluorododecane was obtained in a 75% yield (>99% purity) from the toluene phase. On the other hand, GC analysis showed that the PFMC phase contains 2b, 1-fluorododecane and dodecyl 3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzoate 8 in a ratio of 87:7:6 (Scheme 3) [11] .
Benzoate 8 was generated by the hydrolysis of the intermediate derived from was obtained in a 72% yield (>99% purity). In the fluorous phase, 2b, 7, and 4-butoxycarbonylbutyl 3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzoate 9 were present in a ratio of 95:2:3 (Scheme 4). Thus, the fluorination of alcohols 3 and 6 can be achieved with 1b, and separation of the fluorinated product and recovery of 2b and the ester (8 or 9) are possible by simple extraction with a fluorous/organic solvent systems.
Fluorination of diols with 1b
Next, we applied 1b for the fluorination of 1,2-diols. In the reaction of DFMBA with 1,2-or 1,3-diols, selective monofluorination occurred and 3-methylbenzoates of the corresponding fluorohydrins were formed [5] . The perfluoroalkylated benzoates of fluorohydrins, generated by the reaction of 1b with 1,2-diols, would be convertible to the corresponding fluorohydrins by transesterification. The separation of the generated fluorohydrins and recovery of the fluorous reagent would be possible by extraction with a fluorous/organic solvent system (Scheme 5). 
Conclusion
We prepared a novel fluorous deoxy-fluorination reagent, 
N,N-diethyl--difluoro-[3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzyl]amine

Experimental
General
The melting points were measured with a Yanagimoto micro melting-point apparatus. The IR spectra were recorded using a JASCO FT/IR-410. 
N,N-diethyl--difluoro-[3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzyl]amine (1b)
A mixture of 3,5-diiodobenzoic acid [8] 
Butyl 5-fluoropentanoate (7)
The reaction was carried out as in the case of 3.3.1 using butyl 5-hydroxypentanoate 6 (174 mg, 1 mmol) instead of 1-dodecanol. After the reaction, volatile part was removed under reduced pressure, and the residue was dissolved in a mixture of FC-77 (10 mL), HFE-7100 (10 mL), and CH 3 CN (containing 5% H 2 O) (10 mL). The separated CH 3 CN phase was concentrated under reduced pressure to gave pure 7 (127 mg) in 72% yield. GC analysis showed that the fluorous phase contained 2b, 7, and 5-butoxycarbonylbutyl 3,5-bis(1H,1H,2H,2H-perfluorodecyl)benzoate 9 in a ratio of 
(1R,2S)-2-Fluoro-1,2-diphenylethanol (13)
A mixture of 1b (1.337 g, 1.2 mmol) and (1R, 2R)-1,2-diphenyl-1,2-ethandiol (107 mg, 0.5 mmol) was stirred at 140 °C for 1h. The reaction mixture was cooled to room temperature and 5% aq NaOH (20 mL) was added. The mixture was stirred for 30 min and HFE-7100 (20 mL) was added. The separated aqueous layer was extracted with HFE-7100 (10 mL X 2). The combined HFE-7100 layer was dried over MgSO 4 and concentrated under reduced pressure. The residue was dissolved in toluene (15 mL) with butanol (1.113 g, 15 mmol) and ClSnBu 2 OSnBu 2 Cl (553 mg, 1 mmol), and the mixture was stirred under reflux for 8 days. The mixture was cooled to 0 °C and solid part was removed by filtration. The filtrate was concentrated under reduced pressure and the residue was dissolved in a mixture of FC-77 (20 mL), HFE-7100 (20 mL), and CH 3 CN (5% of H 2 O) (20 mL). The separated CH 3 CN layer was washed with a mixture of FC-77 (20 mL) and HFE-7100 (20 mL), once, and concentrated under reduced pressure to give 13 (60 mg) in 55% yield.
19
F NMR analysis of the fluorous layer showed the formation of amide 2b (60%) and 8 (38%); 13; White solid; mp 98 ºC (lit. [14] 99 ºC). 
